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Abstract
We calculated the azimuthal angle dependence of the local spin polarization of hyperons in 200 GeV Au+Au and
2.76 TeV Pb+Pb collisions in the framework of the (3+1)D viscous hydrodynamic model CLVisc with AMPT initial
conditions encoding initial orbital angular momenta. We find that the azimuthal angle dependence of the hyperon
polarization strongly depends on the choice of the spin chemical potential Ωµν. With Ωµν chosen to be proportional to
the temperature vorticity, our simulation shows coincidental results with the recent measurements at RHIC.
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Introduction. Recently the global polarization of Λ (including Λ) hyperons in non-central heavy-ion col-
lisions has been observed [1]. This indicates that the huge orbital angular momentum (OAM) of colliding
nuclei is distributed into the hot and dense medium through the spin-orbit coupling [2, 3]. The spin-orbit
coupling in parton-parton collisions can be converted to the spin-vorticity coupling through ensemble aver-
age over initial momenta in a fluid with a shear flow velocity [4]. Then the vorticity field leads to the local
hadron polarization along the vorticity direction [5, 6]. Several theoretical approaches have been developed
to study the global and local polarization in heavy ion collisions based on the assumption that the spin degree
of freedom is in local equilibrium in which the thermal vorticity is involved [5, 6, 7, 8, 9, 10, 11, 12].
The global polarization effect in the OAM direction can be well understood by the hydrodynamic and
transport models [13, 14, 15, 16]. However these models are based on the thermal vorticity and the spin
equilibrium assumption and cannot reproduce the data for longitudinal polarization: actually there is a
sign difference between the data and these model calculations [17, 18, 19]. It worth mentioning that the
longitudinal polarization can be described by the the chiral kinetic theory [20] which is for massless fermions
instead of massive fermions in the realistic situation.
The assumption that the spin is in a global equilibrium is not always justified, so the thermal vorticity
may not be the right quantity for the spin chemical potential. In this work, we test different types of spin
chemical potentials Ωµν and calculate the corresponding local polarization of hyperons. We use the (3+1)D
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hydrodynamic model, CLVisc [21, 22], to perform the numerical calculation. Same as in Ref. [23], we
explore four different types of vorticities for Ωµν and calculate the corresponding local polarization with
AMPT initial conditions encoding the global OAM.
Method. We assume the spin polarization at the freeze-out hypersurface Σµ can be expressed as:
Pµ(p) = − 1
4m
µρστpτ
∫
dΣλpλΩρσnF(1 − nF)∫
dΣλpλnF
+ O(Ω2ρσ), (1)
where Ωρσ is the spin chemical potential, p denotes the four-momentum of the Λ hyperon and nF =
1/[exp(pµβµ − ζ) + 1] is its Fermi-Dirac distribution. In the calculation we will set ζ = 0 due to the
fact that the net baryon density is almost zero in heavy ion collisions at high energies.
The antisymmetric form of Ωρσ is assumed to be constructed from T and uµ as
Ωµν = −(1/2)λ(T )[∂µ(g(T )uν) − ∂ν(g(T )uµ)] ≡ λ(T )ωµν (2)
where λ and g are scalar functions of T and ωµν is the vorticity tensor. In our calculation four types of
vorticities are considered,
ω(K)µν = −
1
2
(∂µuν − ∂νuµ), (3)
ω(NR)µν = νµρηu
ρωη, (4)
ω(T )µν = −
1
2
[∂µ(Tuν) − ∂ν(Tuµ)], (5)
ω(th)µν = −
1
2
[∂µ(uν/T ) − ∂ν(uµ/T )]. (6)
Note that ωη in Eq. (4) has the form ωη = (1/2) ηαβγuα(∂βuγ). For the details of these four types of
vorticities, see Ref. [23]. As the spin chemical potential should be dimensionless, their explicit forms are
Ω(i)ρσ =
1
T
ω(K)ρσ ,
1
T 2
ω(T )ρσ , ω
(th)
ρσ ,
1
T
ω(NR)ρσ , . (7)
When taking an average over the rapidity range Y ∈ [−∆Y/2,∆Y/2] and the transverse momentum range
pT ∈ [pminT , pmaxT ], we can get the azimuthal angle dependence of transverse and longitudinal polarization of
Λ hyperons as:
−→Pi(φp) = 1
∆pT
∫ pmaxT
pminT
[
1
∆Y
∫ ∆Y/2
−∆Y/2
dYPi(p)
]
, (8)
where i = x, y, z and Pi(p) is given by Eq. (1) and ∆pT = pmaxT − pminT denotes the range of the transverse
momentum.
Numerical results. For the numerical calculation, we use CLVisc, a (3+1)D relativistic hydrodynamic
model [21, 22] with AMPT initial conditions encoding the global OAM. The longitudinal polarization can
be calculated through
〈
cosθ∗p
〉 〈
cosθ∗p
〉
= αH
〈
cos2θ∗p
〉
Pz, (9)
where θ∗p is the polar angle of the daughter proton in the Λ(Λ)’s rest frame, αH is the hyperon decay param-
eter (αΛ = αΛ = 0.642 ± 0.013 for Λ and Λ), Pz is the longitudinal component of Eq. (8).
For Au+Au collisions at
√
S NN = 200 GeV and 20% − 50% centrality, the longitudinal polarization
from four types of vorticities as functions of azimuthal angles in momentum space are shown in Fig. 1.
For Pb+Pb collisions at
√
S NN = 2.76 TeV and 10% − 60% centrality, the polarization in the beam
direction and in the OAM direction for four types of vorticities are shown in Fig. 2 and 3, respectively.
In summary, we find that the experimental data of the longitudinal polarization in Au+Au collisions at
200 GeV can be described quite well by the T-vorticity. For Pb+Pb collisions at 2.76 TeV, the longitudinal
polarization also has a periodic structure but is smaller than 200 GeV. The magnitude of the polarization in
the direction of the global OAM is consistent with the decreasing trend in the STAR measurement [1].
Acknowledgement. Q.W. is supported in part by the National Natural Science Foundation of China
(NSFC) under Grants No. 11535012 and No. 11890713.
/ Nuclear Physics A 00 (2020) 1–4 3
●
●
● ● ● ● ●
● ●
● ●
● ●
● ●
● ● ● ●
●
●
●
● ● ● ● ●
● ●
● ●
● ●
● ●
● ● ● ●
●
●▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲
▲ ▲ ▲ ▲
▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲
▲ ▲ ▲ ▲
▲ ▲ ▲ ▲ ▲ ▲ ▲■ ■
■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■
■ ■
■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■
■◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆
● thermal vorticity▲ kinematic vorticity■ T-vorticity◆ non-relativistic
STAR Λ
STAR Λ
0 1 2 3 4 5 6
-0.0010
-0.0005
0.0000
0.0005
0.0010
ϕp (rad)
<cos
(θ p* )> ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
●
● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
●●
●
● ●
● ● ● ● ● ●
● ● ● ● ● ● ●
●
●
●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
●
●
●
●
● ● ● ●
●
●
●
●
●
●
● ● ● ●
●
●
●
●
● ● ● ●
●
●
●
● ●
●
● ● ● ● ●
●
●
●
●
●
● ● ● ●
●
●
●
●
●
●
●
● ● ●
●
●
●
●
● ● ● ●
●
●
●
●
●
●
●
● ● ● ●
●
●
●
● pT∈[0, 1.0]GeV● pT∈[0, 1.5]GeV● pT∈[0, 2.0]GeV● pT∈[0, 2.5]GeV● pT∈[0, 3.0]GeV
0 1 2 3 4 5 6
-0.0006
-0.0004
-0.0002
0.0000
0.0002
0.0004
0.0006
ϕp (rad)
<cos
(θ p* )>
Fig. 1. The azimuthal angle dependence of longitudinal polarization in Au+Au collisions at 200 GeV and 20%−50% centrality. In our
simulation we choose the rapidity range Y ∈ [−1, 1]. The left panel shows the longitudinal polarization for four types of vorticities and
the transverse momentum range pT ∈ [0, 2.0] GeV, while the right panel shows the dependence of the polarization with the T-vorticity
on different transverse momentum ranges.
●
● ● ● ● ● ● ●
● ●
● ●
● ●
● ● ● ● ● ●
●
●
● ● ● ● ●
● ●
● ● ●
● ●
● ● ● ● ●
●
●▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲
▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲
▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■
■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆
◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆
● thermal vorticity▲ kinematic vorticity■ T-vorticity◆ non-relativistic
0 1 2 3 4 5 6
-0.0015
-0.0010
-0.0005
0.0000
0.0005
0.0010
0.0015
ϕp (rad)
<cos
(θ p* )> ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
●
● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
●
●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
●
●●
●
● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ●
●
●
● ● ● ●
●
● ● ●
●
●
● ● ● ●
●
●
●●
●
● ● ● ● ●
●
●
●
●
●
●
●
●
● ● ●
●
●
● ● ● ●
●
●
● ●
●
●
●
● ● ●
●
●
●
● pT∈[0, 1.0]GeV● pT∈[0, 1.5]GeV● pT∈[0, 2.0]GeV● pT∈[0, 2.5]GeV● pT∈[0, 3.0]GeV
0 1 2 3 4 5 6
-0.0003
-0.0002
-0.0001
0.0000
0.0001
0.0002
0.0003
ϕp (rad)
<cos
(θ p* )>
Fig. 2. The azimuthal angle dependence of longitudinal polarization in Pb+Pb collisions at 2.76 TeV and 10%− 60% centrality. In our
simulation we choose the rapidity range Y ∈ [−1, 1]. The left panel shows the longitudinal polarization for four types of vorticities and
the transverse momentum range pT ∈ [0, 3.0] GeV, while the right panel shows the dependence of the polarization with the T-vorticity
on different transverse momentum ranges.
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Fig. 3. The azimuthal angle dependence of the polarization in the direction of the global OAM in Pb+Pb collisions at 2.76 TeV and
10% − 60% centrality. In our simulation we choose the rapidity range Y ∈ [−1, 1] and pT ∈ [0, 3] GeV.
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